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1. Introduction
The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices by 20 dB.  One of the obvious techniques for coverage extension is repetition.  In this contribution we evaluate the repetition technique for PDSCH/PUSCH in FDD using the agreed simulation assumptions in [2]. 
2. Discussion
2.1 Simulation results
The simulation assumptions used from [2] are summarized in the Annex A.  We considered the U-shaped and the round-shaped [3] Doppler power spectrum.  

The ratio of the number of PDSCH repetition using the U-shaped Doppler power spectrum over the round-shaped Doppler power spectrum for perfect channel estimation and MMSE are shown in Table 1.  It can be seen that a MTC device under the U-shaped Doppler power spectrum requires 10% more repetitions compared to that of the round-shaped Doppler power spectrum.  
Table 1: PDSCH simulation results: Number of transmissions required
	
	Perfect channel estimation
	MMSE

	U-shaped/Round-shaped
	1.125
	1.1


Table 2 summarises the ratio of the number of PUSCH repetitions using the U-shaped Doppler power spectrum over the round-shaped Doppler power spectrum for perfect channel estimation and MMSE.  Similarly, it is observed that a MTC device under the U-shaped Doppler power spectrum requires roughly 16% more repetitions compared to that of the round-shaped Doppler power spectrum.
Table 2: PUSCH simulation results: Number of transmissions required
	
	Perfect channel estimation
	MMSE

	U-shaped/Round-shaped
	1.1
	1.16


Observation: MTC devices under a U-shaped Doppler power spectrum requires 10% to 16% more repetitions compared to those under the round-shaped Doppler power spectrum.
In a typical deployment, not all MTC devices will be in a 20 dB coverage hole.  Therefore the MTC devices that are out of coverage but not in a 20 dB coverage hole should be configured to perform less than the maximum number of repetitions in order to avoid such a large loss in spectral efficiency.  The eNB should decide the number of repetitions to be used in the downlink and uplink based on the radio conditions.
For initial access (PRACH message 3), a default (maximum) repetition level would need to be signalled for the out of coverage MTC devices to use for PDSCH and PUSCH; this could be indicated in the system information [5].  The MTC device should be allowed to change its repetition level (or coverage level) based on its radio condition.  
Proposal: A default (maximum) level of repetition should be used for initial access (including PRACH message 3). Subsequently, the number of repetitions should be configured according to radio conditions.
3. Conclusion

In this contribution, we evaluated the additional repetitions required for PDSCH and PUSCH under different Doppler power spectrum for MTC devices in a 20 dB coverage hole.  It is observed that:
Observation: MTC devices under a U-shaped Doppler power spectrum requires 10% to 16% more repetitions compared to those under the round-shaped Doppler power spectrum.

We also  noted that a single repetition/coverage level for all out-of-coverage MTC devices would lead to significant loss in spectral efficiency given the large number of repetitions required.  It is therefore proposed that:

Proposal: A default (maximum) level of repetition should be used for initial access (including PRACH message 3). Subsequently, the number of repetitions should be configured according to radio conditions. 
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Annex A 

The simulation assumptions are listed in the table A1 and A2
Table A1: Simulation assumptions on PDSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz, U-shape and Round-shaped Doppler spectrum

	MCS
	0

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	20Hz

	Performance target
	10% BLER

	Channel estimation
	MMSE and perfect channel estimation

	The minimum required SINR
	-19.3dB


Table A2: Simulation assumptions on PUSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz, U-shape and Round-shaped Doppler spectrum

	TBS
	16

	Number of UL RBs
	1


	Transmission mode
	TM1

	Frequency tracking error
	20Hz

	Performance target
	10% BLER

	Channel estimation
	MMSE and perfect channel estimation

	The minimum required SINR
	-24.3dB
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